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Abstract 
Aiming at assessing accurately and effectively of the mass people movement in public transport infrastructure, this research 
adopting video recording to capture the movement, direction, and demographic data of the users. This research associated with 
Siliconcoach software to support the data analysis such as walking speed, most occupied exits and routes. Such analyzed data 
then processes in the SimWalk software to allow the 2D visualization of the movement of each user as an animation which taking 
into account the factors such as users’ characteristics; their familiarity with the attributes of the environment. Hence the output of 
the simulation beneficial in contributing towards planning and designing of potentially crowding public spaces in the future. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of AMER (Association of Malaysian Environment-Behaviour Researchers) and cE-Bs (Centre 
for Environment-Behaviour Studies, Faculty of Architecture, Planning & Surveying, Universiti Teknologi MARA, Malaysia. 
Keywords: Pedestrian; walking speed; pedestrian simulation; station building 
 
 
* Corresponding author. Tel.: +6019-6571535. 
E-mail  address: zulfadlyazizi@gmail.com 
6 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AMER (Association of Malaysian Environment-Behaviour Researchers) and cE-Bs (Centre for 
Environment- Behaviour Studies, Faculty of Architecture, Planning & Surveying, Universiti Teknologi MARA, Malaysia.
792   Zulfadly Azizi Bohari et al. /  Procedia - Social and Behavioral Sciences  222 ( 2016 )  791 – 799 
1. Introduction 
This paper attempts at evaluating the pedestrians movement in the enclosed space of public transport 
infrastructure with an aid of simulation software, SimWalk. Aiming at assessing and simulating the pedestrian 
movements in the transit station, Masjid Jamek LRT Station was selected as a case study. Being located at the centre 
of Kuala Lumpur, surrounded by major landuses such as commercial and business, pedestrian movement activities 
are massively generated. Thus, in these crowded environments, pedestrian move and interact with the facilities 
provided will influence in their decision in selection of entrance and exit points, the speed and direction in which the 
movement is made.  
Public building such as transportation nodes, terminal and stations experiencing massive movement of people. 
Massive walking behaviour generated in these enclosed space and studying the pedestrian movement is crucial in 
order to address the issue of security, convenience, the facility utilization, space structure and equipment layout of 
the station. 
The application of simulation software bring various advantages in built environment field and the transit 
operator as well. Emergency situations largely effect events where herding seems to play an important role during 
evacuation (Burger et al, 2010). Pedestrian simulation serves many functions. Pedestrian simulation is used to 
explore pedestrian’ behavior during evacuation from emergency situations to create wayfindings without any injuries 
(Fell, 2003; Bierlaire et al. 2003; Wen and Shen, 2011; Ha and Lykotrafitis, 2012). Some pedestrian movement 
models combine the egress simulation with the evacuation simulation to prepare pedestrian facing any of the 
emergency situations (Heliövaara, 2014).  
Pedestrian simulation is also useful in designing, planning and managing new buildings and facilities for the 
usage of people (Fell, 2003; Casburn et al, 2005; Ronald et al, 2007). This simulation model is widely implemented 
in the transportation sector such railway stations, subway undergrounds, interchange stations and etc. Taking for 
example, the model can be used to design a railway station to estimate the evacuation time during the area is 
crowded with full people (Heliövaara, 2014). A study on pedestrian characteristics and behaviors in the model will 
help in providing safer environment for public users (Passenger Terminal World, 2010). 
1.1. Problem statement 
The review of literature has established the following statements 
x Pedestrian characteristic influence the walking behaviour while moving during ingress and egress of station.  
x Provision of multiple doors in the station leads to the confusion in wayfinding process. 
1.2. Research question and objectives 
Research questions raised from the above problem statements are: 
x What are the behaviours of pedestrian while moving during ingress and egress of station?  
x How the pedestrian movement of wayfinding during ingress and egress of station? 
 
The research objectives are: 
x To determine the pedestrian walking behavior while moving during ingress and egress of station. 
x To assess the wayfinding of pedestrian from entrance to exit during ingress and egress of station.  
2. Literature review 
2.1. Factors affecting the walking speed of pedestrian 
Pedestrian movements and their walking speed depend on gender (Haklay et al., 2001; Rahman et al., 2012). 
Male and female pedestrians both have different view and interests when walking (Hodgson et al., 2004). As the 
physical attributes of male and female are different, hence the capability to walk also differ with one another. 
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From the literature, it was found that male tend to walk faster than female (Ronald, 2007; Goh et al., 2012). The 
average walking speed is approximately 1.5 m/s. Based on Abadi et al. (2010), the average walking speeds for males 
was 1.5 m/s whereas the average speed for females was 1.2 m/s.  
Age also influences speed and movement of the pedestrian (Bierlaire et al, 2003; Hodgson et al, 2004;; Rahman 
et al, 2012). Pedestrians with age of 55 years old are the slowest group among the pedestrians to walk in a public 
area (Goh et al., 2012). The declination in strength limits the ability of older people to walk in the high speed as 
compared to younger people as they have a high risk to fall when walking (Menz, et al., 2003). Age is important as 
it influences the physical ability and perceptions of the pedestrians towards the surrounding environment (Hodgson 
et al., 2004). Despite their impaired physiological capabilities, the older users exhibited the same speed among them 
especially in their acceleration patterns (Menz et al., 2003). 
2.2. Pedestrian simulation advantages 
In recent years, computer simulation techniques have been used to predict and evaluate complex situations in a 
variety of fields, such as architectural construction and architectural environments (Kimura et al., 2009). Pedestrian 
simulation model is used to simulate the moving objects and persons by taking into account flows, average speed or 
density of the crowd. The outcomes will help in the improvement of the transportation system in the future. 
Pedestrian simulation is relates to the human motion and behaviour especially in the various situations by estimating 
the route choice of pedestrian and optimizing the flow movement for various purposes (Haklay et al, 2001; Keßel et 
al, 2002). Therefore, numerous types of analyses can be used to explore the fundamental aspects and spatial systems 
from the simulation model. 
The result of pedestrian simulation is emerged from the interaction and movement of individual agents (Hu, 
2006). Usually, there would be a crowd as people are moving towards the exit hence will create problems among 
agents in moving (Hajibabai et al, 2007). On the other hand, agents may collide with each other while moving either 
oppositely or perpendicular (Fell, 2003). Therefore, facilities need to be in line with the external factors that will 
affect the safety and convenience of the pedestrian (Rahman et al., 2012). 
The designs of space layout, routes and physical structures of the building are significant to determine the 
pedestrian movement in the simulation model (Hajibabai et al, 2007; Ronald et al, 2007 Sun and Wu, 2011).  
Knowledge about the surrounding assist pedestrian to understand their space which is a basic concept of wayfinding 
in deciding pedestrians’ route choice (Wen and Shen, 2011). 
3. Methodology and approaches 
Aiming at assessing and simulating the pedestrian movement in enclosed space, the systematic methodological 
and approaches is vital in ensuring the accuracy and quality of the data. This pedestrian movement research has 
employed the combination of cameras and manual counting to capture the pedestrian’s demographic, speed of 
movement and wayfinding events that occurred in the station building. Then, the data analysis process was 
performed in Microsoft Excel and Siliconcoach software. The output such as gender, age, physical attributes, 
walking speed and movement direction based on previous analysis process is necessary for the simulation 
development in SimWalk. 
3.1. Construction of references 
An efficient management of data collection was necessary during conducting the quantitative research as this will 
reflect the accuracy and validity of collected data. Prior to that, sequential process involved during primary data 
collection began from preparation process, pilot survey, video recording and pedestrian counting activity. Several 
series of meetings and were held between research team and the Prasarana Malaysia Berhad board members in 
discussing the scopes, data availability, data collection methods, and the daily trends of pedestrian volumes. On 6th 
and 14th February 2013, the pilot survey was conducted to (i) test and set the equipment, (ii) identification of exits 
and entrances, (iii) identification of pedestrian routes and flow movements, (iv) measuring the pedestrian facilities.  
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Three sets of video camera were adopted in capturing the movement of pedestrian. These recording instruments 
were strategically located on the several elevated sections to gain the optimal visibility of pedestrian movements. 
Camera 1 and 2 were on the rooftop of the ticket counter while camera 3 was located on the elevated section as 
shown in Figure 2. In terms of routes selection and movements, about 10 gates identified that allowed pedestrian to 
ingress and egress of the station. 14 routes were generated by the pedestrian while moving in the station as presented 

























Fig. 1. Identified routes, entrances and exits in Masjid Jamek LRT Station 
                                       Table 1. Attributes of existing features in the Masjid Jamek LRT Station (concourse area) 
Facilities Units Measurement (m) 
Concourse Area Floor Space  2133.95 m2 
Paid Area Floor Space Size  821.26 m2 
Pillar(s) 4 Diameter: 
a) 0.6 m 
b) 0.5 m 
*Staircase(s) 2 Length: 15.86 
Width: 2.24 
*Escalator(s) 2 Length: 10.64 
Width: 1.05 
Ticket Gate(s) 26 Normal Ticket Gates 
Width: 1.05 
Single directional movement 
 3 Wide Access Ticket Gates 
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Width: 1.2 
Bidirectional movement 



























Fig. 2. Location of video cameras to capture the movements of pedestrian in station building 
3.2. Video analysis technique 
Video analysis was performed to determine the pedestrian’s gender, physical attributes, age and familiarity. This 
research employed the combination of Siliconcoach, a video analysis software and Microsoft Excel in determining 
the travel time and walking speed. Since the Siliconcoach has limited capability to record the pedestrian’s 
demographic, the researcher has to record such information manually. Hence, variables code was set to ease the 
recording process. 












Gender Male Female 
Physical Attribute Disabled Able-bodied 
Age Children Adult 
Gender Familiar Unfamiliar 
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3.3. Pedestrian simulation development 
As mentioned before, this research adopted SimWalk to develop and simulate the movement of pedestrian in 
Masjid Jamek LRT Station. In developing and simulating the agent movement, several sequential stages were 
involved during the model development phase. The first stage during the model development phase was setting the 
objects in the station layout. These set objects were categorized into four types namely (i) the waypoint (start areas, 
exit areas and waiting areas) (ii) the inter-level objects (stairs, elevators and escalator) (iii) the control objects (delay 
areas, gates and turnstiles) and (iv) the counting objects (counters, load and density meter) as presented in Figure 3. 
The next stage in the model development was the agents planning process.  This involved the pedestrians or agents 
characteristics and the routes planning. The third stage was ran the simulation to gain the results for further analysis. 
In developing the pedestrian simulation, researcher was aided with the SimWalk User Guide which was 
downloadable from SimWalk.com. 
The agents plan was built and planned the routes which is based on the existing route in the Masjid Jamek LRT 
Station. In building and planning the agents routes, the agents distribution of each routes were based on the video 
































Fig. 4. Agents plan development 
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4. Analysis findings 
4.1. Pedestrian simulation development 
Based on the video recording analysis, it was found that the average walking speed of pedestrians ranged from 
0.51 m/s to 1.48 m/s. The range of male average speed were from 0.54m/s to 1.55m/s.  Meanwhile, females walked 
averagely ranged from 0.49m/s to 1.46m/s. An assessment was also involved on the average walking speed of 
pedestrian based on the existed routes. It was found that the average walking speed mostly occurred at the straight 
path routes which were ranged from 1.12 m/s to 1.48 m/s. On the other hand, the average speeds of pedestrian at the 
deviation path routes were slower than the straight path. The findings revealed that pedestrian walked averagely 
from 0.51 m/s to 0.84 m/s. Having identified the average walking speed of every route, the straight path routes were 
recommended as an efficient evacuation routes when emergency occurred as this bring benefits in reducing the 
evacuation time. When the emergency occurred in the station, the best routes to evacuate the building was C-E and 
F-B routes. Then, other alternatives evacuation routes in the Masjid Jamek LRT station was H-E and F-D routes. 
                               Table 3. Average walking speed (m/s) 
Routes All Males Females 
A-D 0.88 0.91 0.86 
A-E* 1.12 1.18 1.08 
A-G 0.96 1.01 0.93 
A-J 0.84 0.86 0.83 
C-B 0.76 0.79 0.75 
C-E* 1.48 1.50 1.46 
F-B* 1.48 1.55 1.42 
F-D* 1.27 1.29 1.25 
F-G 0.84 0.84 0.83 
F-J* 1.12 1.19 1.10 
H-B* 1.27 1.36 1.20 
H-E* 1.33 1.34 1.32 
I-B 0.51 0.54 0.49 
I-E 0.95 1.00 0.93 
*Straight path routes 
 
4.2 Multiple regression analysis 
A multiple regression was conducted to assess the relationship of pedestrian walking speed with their 
demographic characteristic and their familiarity towards surrounding. In this case, pedestrian’s demographics was 
the independent variables namely gender, physical attribute and age. Moreover, the pedestrian’s walking speed was 
also influenced by their familiarity towards the station. It was found that there were significant relationship between 
factors of gender, age as well as familiarity towards waking speed with all of them have p-value 0.000 < 0.005. The 
value of coefficient for intercept (1.164) indicates the strong relationship between the variables. Meanwhile, 
familiarity have moderate relationship with the value of -0.356. Gender and age both have a weak relationship 
between variables (-0.073 and 0.190). Based on the statistical analysis from the multiple regression model. It was 
found the factor of gender, age and familiarity influence the walking speed of pedestrian while moving in the 
concourse area of Masjid Jamek Station. 
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             Table 4. Multiple regression analysis 
Routes Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 1.164 0.187 6.217 0.000 0.797 1.530 
Gender -0.073 0.004 -17.700 0.000 -0.081 -0.065 
Physical 
Attributes 
0.023 0.089 0.258 0.796 -0.152 0.198 
Age 0.190 0.030 6.356 0.000 0.132 0.249 
Familiarity -0.356 0.007 -53.377 0.000 -0.369 -0.343 
4.2. Simulation analysis 
Simulation analysis was performed based on the simulated agent movement in SimWalk. In terms of Level of 
Service (LOS), LOS E majorly occurred at Point A,B,C,D and E which below than 2.17 Pm2 Moreover, most it can 
be seen that most of the agents utilized Point D and Point C to enter or leave the station building from South Gates. 
LOS B occurred at the fringe of the paid area zone. Apart from the floor utilization, Simwalk also simulate the 
density at the staircase and escalator. The simulation demonstrated most of the agents preferred to utilize staircase 
rather than escalators. Several points such as Point G, H, I and J have less density. This is caused by less number of 


















Fig. 5. Density map analysis in SimWalk 
5. Discussion and conclusion 
This research has employed combination of video cameras and Siliconcoach software in identifying and 
assessing the speed and movement of pedestrian in the station building. The purpose of SimWalk simulation 
software was to provide a comprehensive analysis on pedestrian volume and crowd movement in the LRT station. 
The software application was practicable in order to provide the important data and present the useful tool in the 
research. The outcomes from the model help in to identify the pedestrian behaviours while moving and the access in 
way finding during ingress and egress.  
The findings reveal from average walking speed demonstrate that pedestrian walk faster on the straight route as 
compared to the deviation path. Based on the analysis, it can be concluded that the straight path is recommended for 
evacuation route when emergency occurred. 
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Based on the statistical analysis from the multiple regression models, it was found that gender, age, and 
familiarity influenced the walking speed of pedestrian while moving in the concourse area of Masjid Jamek Station. 
However, based on the literature review, these factors were varied due to external factor such as density, distance of 
route, environment attributes.  
In the future, the planning of any of the transportation nodes should be planned properly in order to serve the needs 
of the users. Aside from that, the design element should be considered while planning the transportation nodes due 
to improve the movement flow of pedestrian especially during the emergency evacuation. 
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